In order to determine the relationship between physiographical factors and regeneration changes in forests, and to improve and model natural regeneration status, Gorazbon district in Kheyrod Forest was selected for the study. All available regeneration patches in the area were selected. To achieve spatial structure and quantify metrics related to regeneration patches, the analysis of landscape metrics was used. The results show that 692 regeneration patches were identified at the level of different directions. LAND Metric show the most regeneration percent is related to the western (9%), southern (8.66%), flat areas (8.33%), northern (5.68%) and eastern (4.73%), respectively. In total, the patch coverage level percentage was calculated in the landscape (8.31%). The results related to patch shape metric show that most shapes of patches follow polygon structures and do not have fixed shapes. Results related to the average area of the patch metric show that the average level of patches is between 4 and 5 R. The maximum and minimum distance between patches was observed in the survey between 39 and 520 m respectively. According to the results of the distance average between patch metric, the distribution of patches is random in the southern and western directions, flat areas and pile, but it is uniform in northern directions. It should be noted that the distribution and structure of patches in the northern directions has a better distribution and homogeneity than the other directions. Its canals are used as a natural regeneration model to follow the natural phenomena in forest sustainable management.
Introduction
Today, forests are considered the main components of stability in a landscape [1] , yet the ecosystems influenced by various disturbances during the time will suffer changes, destructive and constructive dynamism. Therefore in recent decades, the sustainable management of forest ecosystems as dynamic ecosystems for the stability of their functions is considered one of the most important challenges for managers, researchers, specialists, and architects [1] [2] .
The dynamism of forest ecosystems is variable due to different environmental factors [3] . Environmental disturbances have profound impacts on the dynamism of forest landscape [4] .
Ecosystems are usually established hierarchically at the level of global, continental, national, regional, provincial, landscape, patch (mass), plant, tissue, cell and genotype. The dynamism of forest landscape is established at the level of tree or patch [5] [6] .
Although basic processes exist at all levels, it is desirable to know lower level processes to know the real world and to manage forest ecosystem better [7] . Hence, ecosystems should be studied based on the activities of lower level details.
Generally, there are two types of disturbances in forest landscape: 1) Natural destructive disturbances of forest ecosystem (fire, disease, insect attack, etc.), 2) Natural constructive disturbances of forest ecosystem (natural regeneration, natural selection, competition, etc.) [8] .
Some natural disturbances are constructive and they play an important ecological role in forest ecosystems [9] . Also, they can be used to help the diversity and sustainability of forest landscapes, nutrient cycling, species evolution, and above all the reconstruction and establishment of forests, etc. and they can be the best model to construct the nature for sustainable management of forests [10] [11] .
Today, the sustainable management of forests and the monitor of the sustainability of forest functions are significant.
Environmental function, wood production function, etc. are among the important forest functions and regeneration which is a criterion to control the sustainability [12] .
Undoubtedly, natural regeneration is one of the most important factors for the development and sustainability of forests and it is essential to survive and sustain them. In fact, it is one of the principles to achieve sustainable management of forests [13] .
In forest ecosystems in mountainous regions, due to variable weather conditions and topography, natural disturbances and especially natural regeneration essential for forest survival [14] occur due to various factors such as physiographic factors (slope, direction, altitude, soil moisture and other factors), which has a direct effect on the composition, distribution, shape, size, distance, structure and interaction of regeneration patches [15] .
As mentioned, many factors are effective in dispersing and establishing forest regeneration patches [16] . Since various geographical positions use sun energy and light unequally, ecologic position and vegetation image are different in various positions [3] . In other words, establishing restoration which is a limiting factor in forest regeneration process and a determining factor in distribution of communities is a natural phenomenon related to forest dynamics and it is interpretable by various parameters including different geographical directions on a large scale [17] .
Recognizing, protecting and supporting restoration is essential to survive forest ecosystem at the level of landscape view and it requires a comprehensive study to recognize various factors affecting on it. Kotwalp et al. (2008) stated that the landscape of forests is changing rapidly due to the permanent trend of tree mortality [8] and the formation of regeneration patches is started by the death and fall of one or more trees in Fagus orientalis Lipsky [17] .
In this regard, Mirkazemi (1995) studied the present state of natural regeneration of beech in Fagus orientalis Lipsky of the pilgrimage forestry plan (Dung Generation Reproduction-Series 8) and concluded that abundant regeneration is more on the northwestern, northern, northeastern directions respectively and it is better on the edge than on other places [18] .
In another study, Sefidi et al. (2011) studied the situation of eastern beech regeneration patches in Gorazbon District of northern forests of Iran and they stated that the smallest patch size is 23.7, the average patch size is 206 and the biggest patch size is 1808 m 2 and totally regeneration patches form 9.3% forest level [19] . Investigating the effect of various physiographic factors including altitude from sea level, hillside direction and slope on regenerating various species is of great importance. Also, it can be an important and effective step in the protection and restoration of important forest species [20] .
Light intensity and patch size are directly related. In other words, the bigger the patch level is, the more light intensity is inside the patch. Therefore, the establishment of light species with grass species will increase and the number and type of useful seedlings for forest survival is reduced [21] .
The size of patch surface is of great importance and the larger this size is, the less the possibility of its closing is.
Furthermore, the results of natural regeneration study of Quercus castaneifolia in Sordar Noor wood (Jalali, et al., 2000) indicated that this type has a better regeneration in low heights, southern and southeastern hillside and less slopes [22] .
On the other hand, Yimer et al. (2006) investigated change in environmental characteristics (including slope, direction and altitude) can influence energy distribution, plant nutrition and distribution of regeneration patches [23] .
Interpretation of changes in shape, size, distance and percentage of regeneration patches based on the concepts and theories of the ecology principles of landscape helps to change forest landscape and management methods of forests from the patch surface to the scale of the landscape and ultimately the global scale.
In order to better understand the forest ecosystem and the sustainable management of its functions, the quantification of different measures of regeneration patches to study and compare the regeneration success in different geographical directions can be an effective help in promoting the goals of sustainable forest management [21] .
Awareness of metrics such as spatial distribution, patch pattern, average distance of patches, the most repeated patch pattern, total patch area relative to forest surface, patch spatial length in each geographical direction is of considerable importance and has a particular concept [20] .
As it was already mentioned, various environmental factors affect the distribution, shape, size of regeneration patches.
Although a lot of studies have been done to discover these relationships, it is not possible to judge correctly about the environmental factors affecting the metrics of regeneration patches by pure statistical methods. That means the variables under study have a lot of changes and there are complex actions between environmental and plant variables and the observed correlations are often associated with uncertainty [22] .
On the other hand, population and dispersion pattern based on the local occurrence of species can be mapped [24] , which means it is feasible to obtain useful information for continuous monitoring forest sustainability by the spatial impression of regeneration patches and the record and analysis of each related metric in GIS and Fragstats environments.
In fact, the purpose of this study is to identify the following issues during the case study: 1) Describing the composition status and spatial distribution of regeneration patches in different geographical directions;
2) Comparing measured metrics in each direction; 3) Reducing the structure and characteristics of regeneration patches and ecological analysis of patches in the forest structure and view; 4) Evaluating the role of patches in improving ecological functions and investigating the type of corrective actions for improving forest ecological structure status and processes associated with it.
Materials and Methods

Study Area
To properly execute this research based on its objectives, it seems necessary that a forest with less interference should be considered. Accordingly, the study area was the Research Educational Forest of Tehran University (Kheirood Forest) located in vegetated Hirkani area in north of Iran (Figure 1) .
The total area of the region is about 8000 hectares, which consists of 8 parts and the whole district of Gorazbon, except for supporting parcels having a high slope, comprises the context of this study. pitation is between 1300 -16,000 mm [25] . The geological organizations in Gorazbon district is composed of limestones and limestone marls belonging to Miocene and Palaeocene periods from the third era and the limestones belonging to the Upper Cretaceous from the second periods and with deep soils on the mother rock. The minimum altitude in this district is 800 meters and the maximum is 1400 meters above sea level. Also, the average slope of this district was calculated based on the slope map analysis of 40% [21] .
Most of the studied area is formed from an anomalous structure and regeneration patches are abundantly found at the habitat level [26] .
Three distinct plant communities can be distinguished in Gorazbon district which include:
The highest level of habitat is from this community, and it is found mostly in the northern steep and humid hillsides and there are very good quality beeches.
The amount of growth in these habitats is good and the Fagus orientalis Lipsky in this community have a relatively good altitude. In this community, eastern beech with an average volume of 187 cubic meters per hectare and more than 74 percent; hornbeam with 21 cubic meters per hectare and 8 percent; and pallet with 18 cubic meters per hectare and 7 percent comprise the highest percentage of habitat surface species. Other tree species in Gorazbon district consist of Prunus avium, Acer cappadocicum, walnut, Quer-cus castaneifolia, tilia, Alnus subcordata, Diospyros lotus, Fraxinus excelsior, Parrotia persica, Sorbus torminalis, Taxus baccata and shrub species. Moreover, woody plants such as frangula, Mespilus germanica, Lycopersicon hirsutum, hawthorns, butcher's broom, raspberries, sweet-amber and Hedera helix can be mentioned [27] .
Research Method
The land harvesting relevant to this study was conducted in the summer of 2015 in the natural habitats of eastern beech in vegetated Hirkani area.
First, in order to harvest one hundred percent of regeneration patches using GPS and circling forest in the study area, regeneration patches were identified and the area around the patches was marked and located as a point. In this research, regeneration patches are known to have clear spaces with a minimum surface area of 100 square meters and to have seedlings created by the death of one or more trees.
In order to compare and accurately analyze the patches and the possibility of quantification of the metrics at the class level, the patches are categorized and coded based on the height of seedlings established in each patch and canopy is categorized and coded to four classes. In this step, in addition to recording the coordinates of the patches, the environmental properties of the patches such as slope, direction and height were also taken. Then they were converted to the surface by transferring to the computer environment and using appropriate software. Finally, each patch was identified as a polygon with different shapes. In the next stage of the conclusion, the overlapping and merging of the regeneration maps were taken and the direction map, distribution map and distribution of regeneration patches were obtained in different geographical directions.
Data Analysis
Fragstats software was used to quantify the metrics in order to analyze spatial metrics of regeneration patches. The software quantifies the metrics at three levels.
1) At the level of each patch, 2) at the level of each class, and 3) at the whole level of landscape.
In this research, the analysis of metrics was carried out at two levels of class and landscape.
Analysis of Metrics at the Class Level
The analysis of metrics at this level was conducted based on the calculation of each metric of class level for all four classes of patches in different directions. In the following, some of the metrics used at this level are defined as follows:
The number of patches (NP): This metric quantifies the number of patches per class.
The percentage of the landscape (PLAND): It measures the proportion of the percentage of each patch in each class relative to the different patches in the other classes.
Patch Density (PD): these metric shows the number of patches per surface area for each class of patches and allows comparisons among different classes.
Largest patch index (LPI) shows the largest patches in each class. Mean patch area (Area_MN) measures the average size of patches at the class level.
Large scale integration (LSI) shows the complexity rate and different shapes of patches at the level of each class.
The average metric of distance between the patches (ENN_MN) is to measure the mean, weighted average, mean, and range of variations, standard deviation, and the coefficient of variation of the distance between the patches.
Analysis of Metrics at the Level of the Landscape
The analysis of metrics at this level for all of the patches was studied regardless of their classification in different geographical directions in the whole region. At this level, in addition to calculating the metrics given at the level of the class (the difference is that all the metrics were calculated for all the patches this time), Simpson diversity index (SIDI) and Shannon diversity index (SHDI) were used to calculate diversity and uniformity of patches. Simpson and Shannon metrics are among the most important diversity metrics for the study of regeneration patches. Simpsion metric is more sensitive to the most abundant patches and Shannon metric is more sensitive to the rarest patches.
When the amount of homogeneity of the number is one, that is, the landscape is very diverse. When it tends to zero, the diversity of the landscape is reduced. The closer the amount of variance metrics is to one, the less the amount of diversity is. As much as it approaches zero, the amount of diversity decreases.
In this research, ArcGIS, FRAGSTATS, SPSS and Excel softwares were used. In the following, the description and distribution of the metrics taken from McGarigal and Marks (1995) and their calculation in Fragstats software by interpreting the mathematical equations for each of the metrics are summarized in Table 1 [20] .
Results
Results of the Analysis of Metrics at the Class Level
In this study, totally 692 regeneration patches were identified in different directions (Table 2) . At the level of the class, the highest number of patches was associated with patches with seedlings longer than 50 cm (223 cases) in the southern directions and the lowest number of patches was associated with patches with seedlings under open canopy and seedlings shorter than 50 centimeters (5 cases) in the eastern directions. The relative frequency of each category of patches was calculated in different directions and the percentage of patches with seedlings longer than 50 cm and patches under closed canopy in most directions is more than the other types (Table 2) . Patch density has the highest amount for patches with seedlings longer than 50 cm (74.25 m per 100 hectares), and patches with seedlings under closed canopy (71.28 m per 100 hectares) have the highest amount in the western and southern directions relatively. The lowest density of patches is related to patches with seedlings longer than 50 cm (16.78 m per 100 hectares) and in flat areas.
The results of the metric of the largest patch size in the class of patches with seedlings longer than 50 cm and patches under open canopy are more than those of the other classes. The results of the metric of the largest patch size indicate that the largest size of patches are related to patches with seedlings under closed canopy and with seedlings longer than 50 centimeters (0.35 ha) in the eastern and flat directions. The smallest patch which has an area of 300 square meters (0, 03 ha) and is related to patches with seedlings shorter than 50 cm and patches under open canopy are located in the southern directions.
According to the patch shape metric, the most complex patches in terms of the shape are among the patches with seedlings longer than 50 centimeters (18.36) in the southern directions and the simplest patches in terms of the shape are the patches under the open canopy and the patches with seedlings shorter than 50 centimeters are in the eastern direction. An increase in the metric of the patches' shape means increased incidence and complexity in the form of patches ( Table 2) .
The distance of average metric between regeneration patches (Figure 2 ) at the class level shows the maximum distance between patches relevant to patches with the seedlings shorter than 50 cm and the patches under the closed canopy (622.15 m) in the eastern direction indicating that the least average distance between patches is related to patches with seedlings longer than 50 cm (68.03 m) in the southern direction. In the northern directions, the maximum average distance between the patches (197.69 m) is related to the patches under open canopy and the minimum average distance (116.45 m) is related to the patches under the closed canopy (Figure 2 ). In the southern directions, the maximum and minimum average distances between the patches were (89.33 and 68.03 m) respectively among the patches with the seedlings shorter than 50 centimeters and longer than 50 centimeters.
The maximum and minimum average distances between the patches in the eastern directions were (622.15 and 264.12 m) respectively related to the patches with open canopy and the patches with seedlings shorter than 50 cm and the minimum is related to the patches with the open canopy and the patches with seedlings longer than 50 centimeters.
In the western directions, the greatest distance was observed for the patches with seedlings shorter than 50 cm (148.49 m) and the least distance was for patches under closed canopy (87.53 m).
The maximum distance between the patches in the flat areas with the value of 200.89 m was related to patches with the seedlings shorter than 50 cm and the minimum distance with the value of 133.40 m was related to the patches with seedlings longer than 50 cm (Figure 2) . The average metric of area of patches at the level of the class (Figure 3) shows that the maximum area of the patches is between 3 and 4 R (Figure 3) .
The maximum and minimum mean areas of the patches are located in the northern directions (0.05 and 0.04 hectares) and are respectively related to the patches under open canopy and the patches under closed canopy. In the southern directions, most of the patches have an area of about 5 R. The average area of the patches in the eastern directions is from 2.5 to 3 R respectively and it is variable for patches under the closed canopy and the patches with seedlings shorter than 50 cm. In western directions, the maximum average area of the patches (4.5 R) is related to patches with the closed canopy and the minimum mean area of patches (3 R) is related to the patches under the open canopy ( Figure 3) . The average area of most of the patches in undirectional and flat areas is about 4 R (Figure 3 ). 
The Results of the Analysis of Metrics at Landscape Level
At this level of study, the analysis of the spatial metrics of regeneration patches was performed regardless of the category or classification of patches and all the patches in each of the geographical directions were analyzed (Table 3) . According to the total area metric, the total level of each direction of Gorazbon district was determined. The highest level of Gorazbon district is from the southern directions (445.33 hectares).The lowest level is related to the eastern direction (25/12 hectares). In total, the total area of the study area (Gorazbon district) was calculated 813.04 hectares. In total, there are 692 regeneration patches located in Gorazbon district, the highest number of which are located in the southern, western directions, flat regions (edges), northern and eastern directions (south 345, west 190, flat regions 90, north 46, and east 21) ( Table 3 ).
Patch density metric shows the proportion of the density patches according to the level of each direction. The more the proportion is, the more the patch density is in that direction and the better regeneration there is. The highest patch density (112.86 m/100 hectares) is observed in western directions and the lowest density (60.43 m/100 hectares) is observed in northern directions.
Based on the metric of the largest patch size, the largest patches with the value of 0.34 and 0.22 hectares are located in the eastern directions and flat areas respectively. The smallest amount of the metric of the largest patch size is in the southern directions with an area of 0.05 hectares. Northern directions (0.18 hectares) and western directions (0.13 hectares) are in intermediate mode.
The metric of complexity of the patch shape (without unique LSI) shows the most complexity of the shape of the patches in the western (24.90), southern (18.24) , flat regions (15.55), eastern (11.82) and the northern (11.46) directions respectively (Table 3 ). Patch richness metric shows the highest richness related to the types of patches in the northern directions (7.96%) and the lowest amount in the eastern direction (0.44%). This metric shows a percentage of different Shannon variation metric is more sensitive to the rarest patches. As you can notice in Table 3 , the most various and rare patches (0.69) are in the northern, western (0.66), southern (0.64), eastern (0.62) directions and flat areas (0.61) respectively.
Simpson diversity metric is more sensitive to the frequency. Based on the results of Simpson diversity metric (Table 3) , the highest frequency (0.49) of the patches relative to the surface was observed in the northern directions and the lowest value (0.42) is related to the flat regions. Western (0.46), southern (0.45) and eastern directions (0.43) have respectively intermediate modes.
TA (hectare) is the area of each direction, NP the number of total patches in each direction, PD the total density of the patches at the level of each direction (m per 100 hectares), LPI (hectare) the highest patch index at the level of each direction, LSI (no unit) patch shape index in each direction, PRD (percentage) patch richness index, SHDI (no unit) Shannon diversity metric, SIDI (no unit) Simpson diversity metric.
In total, the minimum and maximum distance between the patches in all the directions of Gorazbon district (totally four classes) varies from 39 to 520 meters at the level of the landscape. The results of this metric show the least average distance (75.5 m) in the southern directions and the most average distance (349.3 m) in the eastern directions (Figure 4) . The average distance metric between the patches calculated the average distance of the regeneration patches in the western directions at about 100 m, and in the northern directions and the flat regions (edges) about 150 m (Figure 4 ). In total, the minimum and maximum areas of the patches at the total level of landscape (all directions) are 1.5 and 35 R respectively. Most of the average area of the patches at the level of landscape is about 4 -5 R (Figure 4(b) ).
The average metric of patches area demonstrates the highest average area of the patches at the level of landscape. They were respectively related to southern (0.5 hectares), northern (0.47 hectares), flat regions (edges) (0.4 hectares), west 
Conclusions
The studies which have been done in Iran with regard to regeneration patches have been more qualitative and they take the quantitative and spatial properties of patches into account less. Limited research carried out has used more than one or two indices for introduction and the analysis of patches [28] . However, in the present research, several metrics have been taken to quantify the spatial properties of the patches and its interpretation with the landscape ecology approach [29] . In fact, in this study the principles of the landscape ecology, a subset of ecology and geography; have been used to distribute and to disperse patches in different geographical directions, to change and to interpret in each direction.
Geographical directions can act as a limiting factor for regeneration and an exacerbation one by creating both ecological and hydrological conditions in forest ecosystems [3] . On this basis, it can be admitted that the density of regeneration patches at the level unit in a natural forest can be a suitable criterion for determining the degree of interference and pristine in the natural mass [22] . The spatial pattern of tree dispersion in forest masses is a mosaic reflection of a complex environment, which implies environmental disturbances on a micro scale and the chance of success of different species over time relies on the characteristics of the life history of each of them [30] .
The results of the metrics used in this study show that they have the most suitable variety and dispersion of the patches in the northern directions compared to the other directions. That is probably due to fertility and enough humidity in the northern directions compared to the other directions [21] [31].
Considering the rate of changes in the metrics in different geographical directions, it can be concluded that humidity, light, human interferences and proper dispersion of mother stocks have significant effects on the dispersion pattern of patches. These results are in agreement with the results of researches of Mirzaei et al. (2007) , in which a study was conducted in Zagros forests to compare the natural regeneration density of wood species in relation to physiographic and soil factors. The researchers found out that the regeneration density of the species in the region shows different reactions to physiographic factors [32] .
In this study, the researchers studied the different metrics of regeneration patches in different directions and they concluded that the percentage of patches with the seedlings longer than 50 cm and the patches with closed canopy in most directions was more than that of the other classes. It indicates that most of the seedlings cross the grazing horizon due to the closeness of the crown of trees in most of the patches. It can be concluded that the regeneration has established in the forest and we should consider a suitable cultivate and corrective project in the canopy understory. In this study, it was determined that the relative frequency of patches in the total unit level of the studied area (landscape level) is Due to the low ratio of the area of northern directions, this direction has the highest density of patches. In the northern directions, most classes (longer than 50 centimeters, shorter than 50 centimeters, closed canopy and open canopy) occupy the same percentage. This is due to the proper conditions in the northern directions and the rapid establishment and growth of seedlings, which greatly contributes to the regeneration establishment.
As the results of this research show, moisture, in addition to light, is also a limiting factor in the formation of patches and the growth of seedlings greatly influences forest regeneration.
As it was observed in this study, most of the patches with closed canopy have seedlings longer than 50 cm [33] . Therefore, with regard to the shade-loving seedlings of the beech and less evaporation in the patches with closed canopy, the conditions for early and better establishment of these seedlings have been increased and these conditions in the northern direction are more appropriate due to the hillside shading and more rainfall. Hence, according to the results obtained from the metrics used in this study, the distribution and dispersion of patches in the northern directions are more suitable due to the reducing the limitation of regeneration patches relative to the other directions [11] , and it shows a more suitable pattern in terms of the variety, distribution and dispersion of various patches.
In this research, the results of different metrics showed that the highest ecological stability in the distribution, dispersion, diversity and establishment of regeneration patches was observed in the western, southern and northern directions respectively, and the least stability was observed in the eastern directions.
The results of this study are in agreement with the results of Jalali and Hosseini (2000), which showed that the regeneration has been done better in southern and southwestern hillsides ] 22 [ . Based on the results of measured metrics, it was observed that each direction has its own pattern, but the pattern of dispersion and structure of the patches in the northern directions has better distribution and uniformity than the other directions. It can be considered as a natural regeneration pattern to follow the natural processes and the continuation of the sustainability and survival of forest resources.
According to the results of the area of the southern and western hillsides, it can be seen that the highest forest level in the whole landscape of Gorazbon district belongs to the southern and western directions. In other words, the southern and western directions form the highest level of forests in the district. This suggests the sensitivity of marking and forest management at mass level in these directions.
According to the findings of Mousavi et al. (2003) , the best size of patches for regeneration in northern Iran's Fagus orientalis Lipskyis patches of 4 -5 R. The results of the analysis of average metrics of patch size and the size of the largest patch in different directions showed that the average area of the patches varies from 4 to 5 R in most directions [34] . The results of this study, in addition to being consistent with the results of Moussavi et al. (2003) , is also in agreement with Emborg et al. (2000) , study results, in which there was a similar research in Danish Fagus orientalis Lipsky and they showed that the minimum area of the cavity was 384 and the maximum was 1467 square meters [34] [35] .
According to an analysis of forestry, on the edges (flat regions), the possibility of the formation of larger patches is greater due to winding, turbulence and instability of the edges [21] . The results are consistent with the findings of Mirkazemi (1993), which stated that regeneration patches on the edges are better and larger than the ones in the other places [18] . The shape of the patches can be important in determining the type of turbulence and the natural pattern of the formation of patches.
The results of the patch shape metric indicate that most of the shape of patches in the study area follow an unconventional and multifaceted structure and have no fixed forms. These results are consistent with Hojjati (1999 [36] . According to the results of this study, patches initially have the most complexity of the patch shape and the complexity is reduced with the evolution and aging of the patch.
The patch size, the average size of the patch and the patch shape has a direct effect on the light regulation for planning forestry processes.
These metrics also play a key role in creating instable inconsistencies and turbulences caused by the wind influence on the inside of the patches at the level of the forest and it should be considered in planning sustainable forest management. Considering that the most complex patches in terms of shape are in western (24.9) and southern (18.2) directions and that human use are more in these directions due to the hillside warming during the year (livestock and fuel), it can be concluded that the human interfering factor is effective in the formation of these patches [21] . According to the results of the average distance metric between the patches, the dispersion of patches in the southern and western directions and pile flat regions are random in the eastern direction and are uniform in the northern direction. The results of this study are consistent with findings of Mataji et al. (2008) , who stated that the dispersion pattern of the patches in the eastern Fagus orientalis Lipsky is random and uniform [28] .
From the ecology viewpoint, the patches can be considered as sections and passages for the establishment of plant species with different ecological requirements as well as the species of animals that are useful and effective for preserving and balancing forest ecosystem. Hence when the distance between the patches is less, in addition to ensuring the establishment of regeneration, the established passages and sections are of higher quality and the movement of the species in the forest landscape context will be easier and thus the ecosystem sustainability will be provided in order to achieve a sustainable management of the entire forest functions.
Based on the results of this study, physiographic factors are recognized the most important dynamic factors in the spatial structure of forest ecosystems, so Zahedi and Amiri (2002) point out geographical directions the most important factor of this separation [37] .
Finally, it should be noted that by using a combination of different metrics of the landscape and by controlling its changes over time, one can map out the structural changes and the dispersion pattern of regeneration patches and the effects of various activities on it. It was possible to prioritize corrective actions and how to implement it in different forest areas by using this map. In addition, using the landscape criteria at the mass level and each regeneration patch, it is possible to predict its internal situation in terms of complexity of the structure and thus its survival and stability.
It is recommended that the managers use the landscape metrics to analyze the changes and dynamism of the pattern of regeneration patches in forest ecosystems over time and in different ecosystems by taking into account the effects of other environmental factors and human activities on the area.
